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(57) ABSTRACT 

A charging control apparatus for a battery includes a control 
ler that controls charging of an in-vehicle lithium ion second 
ary battery that is charged by power based on regenerative 
braking performed during vehicle travel and charged by 
power from an external power Supply; determines whether 
external charging, in which the battery is charged by the 
power from the external power supply, or the vehicle travel is 
underway; and when the external charging is determined to be 
underway, increases an upper limit value of a charging current 
relative to that of a case in which the vehicle travel is deter 
mined to be underway. 

5 Claims, 6 Drawing Sheets 
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CHARGING CONTROL APPARATUS AND 
CHARGING CONTROL METHOD FOR 

BATTERY 

INCORPORATION BY REFERENCE 

The disclosure of Japanese Patent Application No. 2011 
116287 filed on May 24, 2011, including the specification, 
drawings and abstract, is incorporated herein by reference in 
its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to a charging control apparatus and a 

charging control method for a battery. 
2. Description of Related Art 
In an electric Vehicle, regenerative braking force is used to 

apply a brake to a drive wheel connected to a motor that is 
driven by a battery. At this time, power generated by the motor 
as a result of the regenerative braking is charged to a battery 
and thereby collected. When the battery is charged beyond a 
limit, however, the battery enters an overcharged state. To 
Suppress Such situations, a battery charging control apparatus 
that compares a battery Voltage to a battery Voltage limit and 
controls charging of the battery to ensure that the battery 
Voltage does not exceed the battery Voltage limit has been 
proposed (Japanese Patent Application Publication No. 
6-153314 (JP 6-153314 A), for example). 
A lithium ion secondary battery has a high energy density 

and both a higher initial open circuit Voltage and a higher 
average operating Voltage than other secondary batteries. A 
lithium ion secondary battery is therefore suitable for use in a 
power supply system for a hybrid automobile or the like that 
requires a large battery capacity and a high Voltage. Further, a 
coulombic efficiency of a lithium ion secondary battery is 
close to 100%, and therefore the battery exhibits superior 
charging/discharging efficiency. Accordingly, the energy of a 
lithium ion secondary battery can be used more effectively 
than that of other secondary batteries. 

However, depending on the manner in which the lithium 
ion secondary battery is used (for example, charging at a high 
rate, charging from a high state of charge (SOC), long-term 
continuous charging, or charging at a low temperature (charg 
ing in a state of high resistance)), lithium (Li) metal may be 
deposited on a negative electrode surface of the lithium ion 
secondary battery, and as a result, overheating or performance 
deterioration may occur in the lithium ion secondary battery. 

It is therefore desirable to suppress lithium metal deposi 
tion in the negative electrode. Lithium metal deposition can 
be suppressed by greatly limiting a charging amount. In this 
case, however, it is impossible to collect a sufficient amount 
of the power generated by regenerative braking. Further, 
when the battery is charged by an external power Supply, 
charging takes a long time. 

SUMMARY OF THE INVENTION 

A first aspect of the invention is a charging control appa 
ratus for a battery, including a controller that controls charg 
ing of an in-vehicle lithium ion secondary battery that is 
charged by power based on regenerative braking performed 
during vehicle travel and charged by power from an external 
power Supply; determines whether external charging, in 
which the battery is charged by the power from the external 
power supply, or the vehicle travel is underway; and when the 
external charging is determined to be underway, increases an 
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2 
upper limit value of a charging current relative to that of a case 
in which the vehicle travel is determined to be underway. 
The charging control apparatus may further include: a bat 

tery current detection unit that detects a battery current; and a 
battery temperature detection unit that detects a battery tem 
perature. Further, the controller may: estimate a state of 
charge of the battery; when the external charging is deter 
mined to be underway, calculate an allowable input current 
value at a larger value than that of a case in which the vehicle 
travel is determined to be underway, on the basis of the battery 
current, the battery temperature, and the estimated State of 
charge; and determine the upper limit value of the charging 
current on the basis of the allowable input current value. 
The controller may calculate the allowable input current 

value I, (t) per unit processing time dt using a following 
equation 

lin (0) - itin (it - 1) 
--- X Iti (t) = Iti (f - 1) - a X IB(t) X di- f3X lin (O) dt, 

where I (O) is an initial allowable input current value 
used during initial charging, I (t-1) is a previously calcu 
lated allowable input current value calculated in a previous 
unit time, and C, B are coefficients. In this case, the controller 
may set the initial allowable input current value and the coef 
ficients C, B so that the initial allowable input current value 
and the coefficients C, B in a case in which the vehicle travel 
is determined to be underway are different from the initial 
allowable input current value and the coefficients C, B in a 
case in which the external charging is determined to be under 
way. 
The charging control apparatus may further include a first 

map and a second map used to calculate the allowable input 
current value. Further, the controller may switch between the 
first map and the second map according to whether the vehicle 
travel is determined to be underway or the external charging 
is determined to be underway. 
The controller may determine whether or not the charging 

current is no greater than a predetermined value, and when the 
charging current is determined to be no greater than the pre 
determined value while the external charging is underway, the 
controller may increase the upper limit value of the charging 
current relative to that of a case in which the vehicle travel is 
determined to be underway. 
A second aspect of the invention is a charging control 

method for a battery, including: controlling charging of an 
in-vehicle lithium ion secondary battery that is charged by 
power based on regenerative braking performed during 
vehicle travel and charged by power from an external power 
Supply; determining whether external charging, in which the 
battery is charged by the power from the external power 
supply, or the vehicle travel is underway; and when the exter 
nal charging is determined to be underway, increasing an 
upper limit value of a charging current relative to that of a case 
in which the vehicle travel is determined to be underway. 

According to the configurations described above, charging 
can be performed more rapidly while Suppressing Li metal 
deposition during charging from an external power Supply. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Features, advantages, and technical and industrial signifi 
cance of exemplary embodiments of the invention will be 
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described below with reference to the accompanying draw 
ings, in which like numerals denote like elements, and 
wherein: 

FIG. 1 is a schematic view showing a configuration of a 
hybrid automobile including a charging control apparatus for 
a battery according to an embodiment of the invention; 

FIG. 2 is a view illustrating a charging time of a lithium ion 
secondary battery and transitions of a positive electrode 
potential and a negative electrode potential; 

FIG. 3 is a schematic diagram showing an example of a 
configuration of the lithium ion secondary battery; 

FIG. 4 is a view illustrating a current recovery amount 
obtained by leaving the secondary battery unattended while 
calculating an allowable input current value; 

FIG. 5 is a view illustrating a configuration of an Equation 
(4) for determining an input power limit value; 

FIG. 6 is a view showing a characteristic of Li metal depo 
sition corresponding to a charging current; 

FIG. 7 is a view showing a configuration for limiting a 
current during rapid charging; and 

FIG. 8 is a flowchart for calculating an allowable input 
current during rapid charging. 

DETAILED DESCRIPTION OF EMBODIMENTS 

An embodiment of the invention will be described below 
on the basis of the drawings. 

FIG. 1 shows an example of principal configurations of a 
vehicle (an electric automobile) that includes a charging con 
trol apparatus for a battery according to this embodiment. The 
battery according to this specification is a lithium ion second 
ary battery. Further, the “lithium ion secondary battery' 
according to this specification includes a lithium ion second 
ary battery that uses an electrolytic Solution as an electrolyte 
and a lithium polymer battery that uses a polymer gel as the 
electrolyte. A charging/discharging control apparatus 20 
including the charging control apparatus for a battery will be 
described below. 
As shown in FIG.1, the charging/discharging control appa 

ratus 20 for a battery according to this embodiment includes 
a battery electronic control unit (ECU) 22 that monitors a 
condition of a battery 10, a SOC estimation unit 24 that 
estimates a state of charge (SOC) of the battery 10, a motor 
ECU 28 that drive-controls a motor 52, an electric vehicle 
electronic control unit (EVECU) 30 that performs overall 
control of a power output apparatus, and an allowable input 
power adjustment unit 40 that adjusts an allowable input 
power that can be input into the battery on the basis of a 
charging/discharging history during charging/discharging to 
ensure that a negative electrode potential of the battery, which 
is constituted by a lithium ion secondary battery, does not 
decrease to a lithium reference potential. 
As shown in FIG. 2, when the lithium ion secondary battery 

used as the battery 10 is charged continuously, a positive 
electrode average potential increases while a negative elec 
trode average potential decreases, and as a result, a potential 
difference (V) between positive and negative electrodes 
increases. When the negative electrode potential falls to or 
below an Li reference potential (OV), Li metal is deposited 
onto a surface of the negative electrode. Therefore, when a 
lithium ion secondary battery is charged conventionally, Li 
metal deposition onto the Surface of the negative electrode is 
Suppressed by Suppressing a terminal Voltage between the 
positive and negative electrodes, i.e. a potential difference 
between the positive and negative average potentials, to 
within a predetermined potential (4.1 V, for example). 
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4 
However, a reaction in a cell interior (positive and negative 

electrode surfaces) of the battery varies, and therefore, even 
when the potential difference (V) between the positive and 
negative electrode average potentials is within a predeter 
mined Voltage (V), as indicated from a time t1 onward in 
FIG. 2, a negative electrode potential (to be referred to as a 
negative electrode local potential) in a partial site of the 
negative electrode may fall to or below the Li reference poten 
tial (OV) such that Li metal is deposited onto the negative 
electrode Surface in the corresponding site. Further, Li metal 
deposition is likely to occur through the process described 
above during charging at a high rate (20 C or more, for 
example), charging from a high SOC, long-term continuous 
charging, charging at a low temperature (in a state where an 
internal resistance of a battery cell is high), and so on. 
As shown in FIG. 3, a cell voltage is a potential difference 

between a positive electrode 74 and a negative electrode 76 of 
a cell of the lithium ion secondary battery. The negative 
electrode potential is a potential difference between the nega 
tive electrode 76 and an Li reference electrode 78 (potential 0 
V). The positive electrode potential is a potential difference 
between the positive electrode 74 and the Li reference elec 
trode 78 (potential OV). The negative electrode potential may 
be prevented from falling to or below the Li reference poten 
tial by reducing the positive electrode average potential, but in 
this case, it may be impossible to satisfy a required perfor 
mance of the battery. 

Hence, the charging/discharging control apparatus 20 for a 
battery according to this embodiment includes the allowable 
input power adjustment unit 40 for ensuring that the negative 
electrode potential does not reach the Li reference potential 0 
V even locally. 

FIG. 1 also shows a current sensor 14 that detects a battery 
current, a temperature sensor 12 provided in the battery 10 to 
detect a battery temperature, and a Voltage sensor 16 that 
detects a battery voltage. As will be described below, to 
enable the allowable input power adjustment unit 40 to cal 
culate a power value that can be input into the battery, detec 
tion values from the current sensor 14, the temperature sensor 
12, and the Voltage sensor 16 are input into the charging/ 
discharging control apparatus 20 for a battery according to 
this embodiment. 
The respective configurations described above will now be 

described in detail. Signals required to manage the battery 10, 
for example the battery voltage from the voltage sensor 16, 
which is disposed between output terminals of the battery 10, 
a charging/discharging current (also referred to hereafter as a 
“battery current') from the current sensor 14, which is 
attached to a powerline connected to an output terminal of the 
battery 10, a battery temperature TB from the temperature 
sensor 12, which is attached to the battery 10, and so on are 
input into and stored in the battery ECU 22. Further, the SOC 
estimation unit 24 estimates the SOC (remaining capacity) by 
integrating a battery current value IB (t) that is input into the 
battery ECU 22 as an actual measurement value of the current 
sensor 14. Note that the battery current value IB (t) is prefer 
ably integrated using an estimated current value corrected in 
accordance with the actually measured battery temperature 
value TB (t). In so doing, the SOC can be estimated more 
accurately using other information Such as a battery electro 
motive Voltage. 
The EVECU30 is constituted by a microprocessor center 

ing on a central processing unit (CPU) 32. The EVECU 30 
includes, in addition to the CPU 32, a read-only memory 
(ROM)34 that stores a processing program and the like and a 
random access memory (RAM) 36 that stores data tempo 
rarily, as well as an input/output port and a communication 
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port not shown in the drawing. Information Such as an accel 
erator depression amount, a brake depression amount, and a 
vehicle speed is input into the EVECU 30 on the basis of an 
ignition signal from an ignition Switch, not shown in the 
drawing, a signal from an accelerator sensor, not shown in the 
drawing, and signals from other sensors. A torque command 
is determined in the EVECU 30 on the basis of the informa 
tion Such as the accelerator depression amount, brake depres 
sion amount, and vehicle speed, and the torque command is 
output from the EVECU30 to the motor ECU 28. Driving of 
the motor 52 is then controlled in alignment with the torque 
command. Further, the EVECU 30 is connected to the motor 
ECU 28 and the battery ECU 22 via the communication port 
in order to exchange various control signals and data with the 
motor ECU 28 and the battery ECU 22. Furthermore, a pro 
gram for calculating allowable input current values I, (t), 
I'(t) and a battery input power limit value W(t), which are 
calculated in the allowable input power adjustment unit 40 to 
be described below, is stored in the ROM 34. The RAM 36 
temporarily stores a battery current value and a battery tem 
perature value output from the battery ECU 22 and the allow 
able input current value I, (t), an allowable input current 
value over time I' (t), and the battery input power limit 
value W(t) calculated by the allowable input power adjust 
ment unit 40, and also stores data required for various calcu 
lations. 
The allowable input power adjustment unit 40 includes an 

allowable input current value calculation unit 42 and an input 
power limit value calculation unit 44. The allowable input 
power adjustment unit 40 adjusts the allowable input power 
that can be input into the battery 10 on the basis of the battery 
input power limit value W., (t), which is obtained every 100 
msec, for example. 
The allowable input current value calculation unit 42 deter 

mines an allowable input current value reduction amount For 
fper unit time during charging or an allowable input current 
value recovery amount F" or f per unit time during discharg 
ing and determines an allowable input current value recovery 
amount G or g per unit time through leaving the battery 
unused (over time) on the basis of a program Stored in the 
ROM 34 of the EVECU30 using the battery current value IB 
(t) at a time t, the battery temperature value TB (t) at the time 
t, and a charging capacity value SOC (t) at the time t. The 
allowable input current value calculation unit 42 then calcu 
lates the allowable input current value I, (t) that can be input 
into the battery on the basis of the allowable input current 
value reduction amount Forf during charging or the allow 
able input current value recovery amount F" or f during dis 
charging and the allowable input current value recovery 
amount G org through leaving the battery unused. Note that 
the battery current value IB (t) at the time t and the battery 
temperature value TB (t) at the time t are values output from 
the battery ECU 22 and stored temporarily in the RAM36 of 
the EVECU30. Further, the charging capacity value SOC (t) 
at the time t is a value estimated in the SOC estimation unit 24. 
The allowable input current value I, (t) is calculated on the 
basis of a previously calculated allowable input current value 
I (t–1) calculated previously, but for a first time only, a set 
allowable input current value I (O) is used. The set allow 
able input current value I (O) is determined as a maximum 
current value at which Li metal deposition does not occur 
within the unit time when charging is performed from a state 
in which a charging/discharging history has no effect. 
When charging is performed from an external direct cur 

rent power Supply (a charger), an appropriate allowable 
charging current is determined in accordance with the battery, 
and a value of the allowable charging current is set at a value 
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6 
having enough leeway to ensure that Li metal deposition does 
not occur even during continuous charging. Therefore, the set 
allowable input current value I (O) in a case where charging 
is performed from an external direct current power Supply is 
set at this allowable charging current value, which is a smaller 
value than a maximum allowable input current value I (O) 
set on the assumption that charging is being performed using 
regenerative power. 

In this embodiment, the allowable input current value cal 
culation unit 42 calculates the allowable input current value 
I, (t) using a following equation during charging. When no 
charging/discharging history exists, or in other words for the 
first time only, the allowable input current value I, (t) is 
determined using Equation (1). More specifically, the allow 
able input current value I, (t) is determined by Subtracting 
the reduction amount F or the recovery amount F" during 
continuous charging/discharging and the recovery amount G 
through leaving the battery unused from the set allowable 
input current value I, (0). 

where I (O)s.I. (T)s0 
In Equation (1), respective terms on the right side are as 

follows. 
I, (0): The maximum current value (the set allowable 

input current value) at which Li metal deposition does not 
occur within the unit time when charging is performed from a 
state in which the charging/discharging history has no effect. 
?' F(IB(t).TB(t),SOC(t))dt: An allowable input current 

value reduction term (in the case of discharging, an allowable 
input current value recovery term) when charging is per 
formed continuously from a state in which no history exists to 
a time T. 

?' G(t,TB(t),SOC(t))dt: An allowable input current value 
recovery term through leaving the battery unused. 

Further, when a charging/discharging history exists during 
charging, the allowable input current value I, (t) is deter 
mined using Equation (2). 

(1) 

Iti (t) = Iti (t - 1)-f(IB(t), TB(t), SOC(t)) xdt - (2) 

Itin (0) - tin (it - 1) 
g(TB(t), SOC(t))x — to Xdit 

In Equations (1) and (2), I (T) and I, (t) denote allow 
able input current values at the times Tandt. IB(t) denotes the 
battery current value at the time t, TB (t) denotes the battery 
temperature value at the time t, SOC (t) denotes the battery 
SOC value at the time t, functions F, faenote allowable input 
current value reduction terms per unit time during charging, 
and functions G. g denote allowable input current value 
recovery terms per unit time through leaving the battery 
unused. 
When I (t)=0, a negative electrode active material of the 

secondary battery is Saturated with Li ions, and therefore I 
(0)-I, (t) denotes an amount of Li ions in the negative 
electrode active material of the secondary battery. Mean 
while, the allowable input current value recovery amount 
through leaving the battery unused, shown in FIG. 4, is 
obtained when the amount of Li ions in the negative electrode 
active material decreases, and a magnitude thereof is com 
mensurate with the amount of Li ions. Hence, the allowable 
input current value recovery amount through leaving the bat 
tery unused from I (t-1) at a time (t-1), that is earlier than 
the time (t) by the unit time (dt), is commensurate with a 
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difference between I (O) and I (t-1). In Equation (2), this 
difference is divided by IO in order to make the difference 
dimensionless. 
A coefficient C. is determined by creating a three-dimen 

sional map for a function f(X), having a temperature TB axis 
and a SOC axis, on the basis of actual measurement results, 
and f(X) is assumed as a primary expression of the battery 
current IB. Further, a coefficient B is determined by creating 
a three-dimensional map for a function g (X), having a tem 
perature TB axis and a SOC axis, on the basis of actual 
measurement results. Furthermore, I (O) is determined by 
creating a map relating to TB (t) and SOC (t) on the basis of 
measurement results. 

From the above, Equation (2) can be expressed as shown in 
Equation (3). 

in 

lin (0) - tin (it - 1) 
Iti (t) = i (i-1) - a X IB(t) X di - f3X — to Xdit 

in 

(3) 

Note that a speed of Li moving through the negative 
electrode active material has an upper limit. Therefore, in 
Equation (3), a limit is preferably applied to the third term on 
the right side, by which B is multiplied, to ensure that the 
value of I, (t–1) does not reach or exceed a predetermined 
upper limit value. 

In the case of discharging, respective signs of the function 
F and the function fin Equations (1) and (2) are switched from 
minus to plus, whereby following equations are obtained. 

(4) 
where I in 

It (t) = I (t - 1) + f(IB(t), TB(t), SOC(t)) xdt - (5) 

lin (0) - itin (i-1) 
--- X dt 

lin (O) 

Equations (4) and (5) are similar to Equations (1) and (2) 
apart from the fact that the functions F, faenote the allowable 
input current value recovery term during discharging per unit 
time, and therefore description of Equations (4) and (5) has 
been omitted. 

In an electric automobile or a hybrid vehicle, charging may 
be possible using power from an external power Supply. When 
charging (to be referred to hereafter as rapid charging) is 
performed from an external power Supply, a required charg 
ing time is preferably as short as possible. In the case of an 
electric automobile, for example, charging may be performed 
at a charging station or the like, and rapid charging is particu 
larly desirable in this case. 

The allowable input current value I, (t) is calculated by 
determining the coefficients C, B and the set allowable input 
current value I, (0) such that Li metal deposition does not 
occur even under a large current generated by regenerative 
braking during travel. 

However, a charging current from the external power Sup 
ply during rapid charging is determined in advance, and there 
is therefore no need to receive a large current Such as that 
generated during regenerative braking. 

FIG. 6 shows results of an experiment performed to deter 
mine whether or not Li metal deposition occurs in accordance 
with the charging current and a duration thereof. In FIG. 6, an 
abscissa shows the charging current and an ordinate shows an 
energization time. Further, black circles in the drawing indi 
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8 
cate that Limetal deposition has occurred, while white circles 
indicate that Li metal deposition has not occurred. According 
to these experiment results, Li metal deposition occurs as the 
charging current increases, even when the duration is short. 
The allowable input current value I, (t) in a case where the 
coefficients C, B and the set allowable input current value I 
(0) are determined on the basis of these results, also taking 
into consideration the large charging current corresponding 
to a regenerative current, is indicated in the drawing by a solid 
line. 

Meanwhile, the allowable input current value I, (t) for 
rapid charging in a case where the coefficients C, B and the set 
allowable input current value I (O) are determined on the 
basis of experiment results in a case where the charging 
current is Smaller than a maximum current value during 
charging from an external power Supply is indicated in the 
drawing by a broken line. It has been confirmed experientially 
that by setting a maximum current value for rapid charging 
from an external power Supply in this manner, Li metal depo 
sition does not occur even when an allowable input current 
value by which limitations on the charging current are alle 
viated (the allowable input current value I, (t) for rapid 
charging indicated by the broken line in the drawing) is 
applied during rapid charging from an external power Supply. 

Hence, in this embodiment, the allowable input current 
value I, (t) during rapid charging is changed from the allow 
able input current value I, (t) during travel. In so doing, rapid 
charging can be performed with the allowable input current 
value I, (t) for rapid charging set at a larger value than the 
allowable input current value I (t) for travel, while Sup 
pressing Li metal deposition. 

Further, the allowable input current value I, (t) is changed 
by Switching the map storing the coefficients C, B and the set 
allowable input current value I, (0), and therefore charging 
control can be performed easily and reliably simply by modi 
fying the coefficients rather than modifying the charging con 
trol method itself. 

FIG. 7 shows an outline of the configuration of a rapid 
charging system. A charger 100 that receives a power Supply 
from a 200V commercial alternating current power supply or 
the like converts alternating current power into direct current 
power and outputs the direct current power. The charger 100 
is capable of constant current output and constant Voltage 
output. In a normal case, charging is performed through con 
stant current output and terminated when the SOC reaches a 
predetermined upper limit value (approximately 70%, for 
example). In this embodiment, however, the vehicle includes 
a current regulator 104, and therefore the charging current is 
controlled on the vehicle side. Hence, the charger 100 may 
output a constant Voltage. 
The charger 100 is connected to a connector 102 provided 

on the vehicle. The charging current is Supplied to the battery 
10 installed in the vehicle via the connector 102. 
The current regulator 104 is provided on a path extending 

from the connector 102 to the battery 10. The current regula 
tor 104 regulates the charging current. The current regulator 
104 is controlled by the charging/discharging control appa 
ratus 20 to ensure that the charging current does not exceed 
the allowable input current value I, (t). 
The current regulator 104 controls the charging current in 

response to a control signal from the charging/discharging 
control apparatus 20. The current regulator 104 is a circuit 
that receives the charging current from the charger 100 and 
controls the charging current of the battery 10. A converter of 
a converter/inverter 50 is used as the current regulator 104. A 
current limit is preferably provided by controlling the con 
verter to ensure that that the charging current of the battery 10 

in 
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does not exceed the allowable input current value I, (t) for 
rapid charging. Note that a specialized current regulator for 
rapid charging may be provided, and the charging current 
may be controlled using the EVECU30. 

Hence, during travel, the charging/discharging control 
apparatus 20 controls the converter/inverter 50 on the basis of 
the coefficients C, B and the set allowable input current value 
I (O) for travel, which are stored on a first map 106, whereas 
during rapid charging, the charging/discharging control appa 
ratus 20 controls the current regulator 104 on the basis of the 
coefficients C, B and the set allowable input current value I 
(0) for rapid charging, which are stored on a second map 108. 

FIG. 8 is a flowchart showing map Switching processing. 
First, a determination is made as to whether or not rapid 
charging is underway (S210). The determination as to 
whether or not rapid charging is underway is made by detect 
ing that the external charger 100 is connected and power is 
being Supplied, and determining whether or not preparations 
for receiving charging are complete. The determination as to 
whether or not the preparations for receiving charging are 
complete may be made by determining whether or not the 
ignition Switch is in a predetermined position (an OFF posi 
tion, for example), the vehicle is stationary, and so on. 
When YES is obtained in the determination of S210, coef 

ficients C, B and a set allowable input current value I (O) 
for rapid charging are read from the second map 108, where 
upon an allowable input current value I, (t) for rapid charg 
ing is calculated and the calculated allowable input current 
value I (t) for rapid charging is set as the upper limit value 
of the charging current. This upper limit value is then set as an 
upper limit current of the current regulator 104. 

Next, the charging current IB at the present time is com 
pared with a predetermined charging upper limit value 
(S214). When the charging current is no larger than the pre 
determined value (i.e., the charging current is equal to or 
smaller than the predetermined value), the routine returns to 
S212, where charging is continued after setting the upper 
limit value of the current regulator 104 at the allowable input 
current value for rapid charging. 
When the determination of S214 indicates that the charg 

ing current is larger than the predetermined value, on the other 
hand, coefficients C., f and a set allowable input current 
value I (O) for travel are read from the first map 106, 
whereupon an allowable input current value I (t) for travel 
is calculated and the calculated allowable input current value 
I (t) for travel is set as the upper limit value of the charging 
current (S216). As shown in FIG. 6, the coefficients C, B and 
the set allowable input current value I (0) for rapid charg 
ing are set on the assumption that the charging current is no 
larger than the predetermined value, and when the charging 
current exceeds the predetermined value, the coefficients C, 
B and the set allowable input current value I (O) for travel 
are employed instead. When rapid charging is not underway 
in S210, the routine advances to S216. 

Hence, in this embodiment, limitations on the charging 
current are relaxed more during rapid charging than during 
travel. In so doing, the charging time required to charge the 
battery when the vehicle is stationary can be shortened, and as 
a result, the SOC can be restored sufficiently by performing 
charging for a comparatively short time at a charging station 
or the like. 

Further, in this embodiment, the allowable input current 
value calculation unit 42 determines allowable input current 
values over time I, IT and I.' It taking into account a 
reduction in the performance of the secondary battery 
through use, or in other words temporal deterioration of the 
secondary battery, in order to Suppress Li metal deposition 
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10 
over time. The allowable input current values over time I. 
IT and I.' It are determined by multiplying a deterioration 
coefficient m by the allowable input current values I, (T) and 
I, (t) obtained in the above equations. 

The deterioration coefficient m may take a fixed value or a 
plurality of values. When the deterioration coefficient m takes 
a plurality of values, the deterioration coefficient m may be 
determined using a map defining a relationship between the 
deterioration coefficient and a charging/discharging fre 
quency of the secondary battery, which is stored in advance in 
the RAM36 of the EVECU 30. 

Taking deterioration of the battery into consideration, the 
allowable input current value over time I' (t) is preferably 
used instead of the allowable input current value I, (t) during 
both travel and rapid charging. 

Furthermore, the input power limit value calculation unit 
44 according to this embodiment calculates the battery input 
limit value W., (t) to prevent the battery current IB from 
flowing in excess of the allowable input current value over 
time I' (t) due to a control delay during feedback control or 
the like. More specifically, first, an input current limit target 
value I, is calculated on the basis of the battery current value 
IB (t) at the time t and the allowable input current value over 
time I' (t) calculated in the allowable input current value 
calculation unit 42 (see FIG. 5). The input current limit target 
value I, is calculated so as to be offset from the allowable 
input current value I, (t) by a predetermined amount, for 
example. The battery input limit value W., (t) is then calcu 
lated on the basis of the obtained input current limit target 
value I, in accordance with Equation (7). 
As shown in FIG. 5, the input power limit value calculation 

unit 44 can Suppress Li metal deposition in the negative 
electrode by controlling charging using the input power limit 
value W(t) determined in Equation (7) such that the charg 
ing current IB remains at or below the allowable input current 
value over time I' (t). 

dt (7) 

In Equation (7), W(t) denotes the battery input power 
limit value at the time t, SW, (t) denotes a preset battery input 
power limit defining value (a base input power limit defining 
value of the battery, determined from the battery temperature, 
for example), K, denotes ap term feedback gain, K, denotes 
ani term feedback gain, I, (t) denotes a current limit target 
value obtained through p term feedback control, I, (t) 
denotes a current limit target value obtained through i term 
feedback control, and IB (t) denotes the battery current value 
at the time t. The battery input power limit defining value 
SW, (t) is determined from a preset map defining a relation 
ship between the input power limit defining value and the 
battery temperature and so on, for example. 
The current limit target values I (t) and I 

determined from Equation (8). 
tagl tag2 (t) a 

In Equation (8), the current limit target values I, (t) and 
I, (t) are determined at values respectively offset from the 
allowable input current value over time I' (t) by predeter 
mined amounts, as described above. Hence, a relationship 
between the current limit target values I, I, and the 
allowable input current value over time I' (t) is preferably 
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stored in advance in the RAM 36 of the EVECU 30 in the 
form of a map such that the current limit target values I, 
I can be determined by referring to the map. Note that 
when the map is created taking into account deterioration of 
the secondary battery and control of the secondary battery, Li 
metal deposition due to a local reduction in the negative 
electrode potential can also be suppressed. 
The charging/discharging control apparatus 20 for a bat 

tery according to this embodiment may further include an 
upper limit Voltage control unit that suppresses a reduction in 
the battery performance due to use by controlling an upper 
limit voltage of the lithium ion secondary battery so as not to 
exceed a preset upper limit voltage. For example, the upper 
limit Voltage control unit controls a charging amount by com 
paring, in the EVECU 30, a preset upper limit voltage value 
with an actual battery voltage value output from the voltage 
sensor 16. By setting an upper limit value on the charging 
Voltage in this manner, a situation in which an excessively 
large Voltage is applied to a cell can be avoided. 
What is claimed is: 
1. A charging control apparatus for a battery, comprising a 

controller that: 
controls charging of an in-vehicle lithium ion secondary 

battery that is charged by power based on regenerative 
braking performed during vehicle travel and charged by 
power from an external power supply: 

determines whether external charging, in which the battery 
is charged by the power from the external power supply, 
or the vehicle travel is underway; and 

when the external charging is determined to be underway, 
increases an upper limit value of a charging current 
relative to that of a case in which the vehicle travel is 
determined to be underway, 

wherein the controller: 
calculates an allowable input current value I, (t) per 

unit processing time dt using a following equation 

lin (0) - Illin (t - 1 tlin (0) - lin (t 2x lin (t) = tin (t - 1) - a X IB(t) X dt - f3X lin (0) dt, 

where I, (0) is an initial allowable input current value 
used during initial charging, I (t-1) is a previously 
calculated allowable input current value calculated in 
a previous unit time, and C, B are coefficients; and 

set the initial allowable input current value and the coef 
ficients C, B so that the initial allowable input current 
value and the coefficients C, B in a case in which the 
vehicle travel is determined to be underway are dif 
ferent from the initial allowable input current value 
and the coefficients C. Bina case in which the external 
charging is determined to be underway. 

2. The charging control apparatus according to claim 1, 
further comprising: 

a battery current detection unit that detects a battery cur 
rent; and 

a battery temperature detection unit that detects a battery 
temperature, 

wherein the controller: 
estimates a state of charge of the battery; 
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12 
when the external charging is determined to be underway, 

calculates an allowable input current value at a larger 
value than that of a case in which the vehicle travel is 
determined to be underway, on the basis of the battery 
current, the battery temperature, and the estimated state 
of charge; and 

determines the upper limit value of the charging current on 
the basis of the allowable input current value. 

3. The charging control apparatus according to claim 2, 
further comprising a first map and a second map used to 
calculate the allowable input current value, 

wherein the controller switches between the first map and 
the second map according to whether the vehicle travel 
is determined to be underway or the external charging is 
determined to be underway. 

4. The charging control apparatus according to claim 1, 
wherein the controller determines whether or not the charging 
current is no greater than a predetermined value, and 
when the charging current is determined to be no greater 

than the predetermined value while the external charg 
ing is underway, the controller increases the upper limit 
value of the charging current relative to that of a case in 
which the vehicle travel is determined to be underway. 

5. A charging control method for a battery, which is 
executed by a controller, the method comprising: 

controlling, by the controller, charging of an in-vehicle 
lithium ion secondary battery that is charged by power 
based on regenerative braking performed during vehicle 
travel and charged by power from an external power 
Supply: 

determining, by the controller, whether external charging, 
in which the battery is charged by the power from the 
external power supply, or the vehicle travel is underway; 
and 

increasing, by the controller, an upper limit value of a 
charging current relative to that of a case in which the 
vehicle travel is determined to be underway when the 
external charging is determined to be underway, 
calculating, by the controller, an allowable input current 

Value I, (t) per unit processing time dt using a fol 
lowing equation 

luim - itin - 1 tlin (0) - Illin (t 2x lin (t) = Illin (t–1) - a X IB(t)X dt - f3X lin (0) dt, 

where In, 0) is an initial allowable input current value 
used during initial charging, I (t–1) is a previously 
calculated allowable input current value calculated in 
a previous unit time, and C, B are coefficients; and 

setting, by the controller, the initial allowable input cur 
rent value and the coefficients C, B so that the initial 
allowable input current value and the coefficients C, B 
in a case in which the vehicle travel is determined to 
be underway are different from the initial allowable 
input current value and the coefficients C, B in a case 
in which the external charging is determined to be 
underway. 
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